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I‘ Wolverhampton Sewerage Works.” 
By REHARD EVAXS WILLOUGHBY ERRINGTON, Assoc. M. Inst. C.E. 
THE municipal borough of Wolverhampton comprises an area of 
3,440 acres, and has a population of 82,620. Twenty years ago, 
the town authorities  carried  out a comprehensive scheme of 
sewerage and  drainage,  including  the disposal of the sewage 
on the Barnhurst Farm hereinafter referred to. The works so 
carried out  have  amply  justified  the  expenditure  upon  them ; and 
there  are  now fewer deaths  with  the present  population of 
82,620 than there were when it amounted to only three-fourths 
of that number. It is perhaps hardly necessary to mention that 
Wolverhampton is an important centre of what  is  known as the 
galvanizing  trade,  in  tho operations of which considerable quantities 
of acids are used ; and,  owing  to  this  fact  and  to  its peculiar inland 
situation, the town occupies an almost unique position; for the 
watershed between the basins of the Trent and of the Severs 
passes through the town, its elevation is considerable, and only 
small upland brooks are  to be  found in  its neighbourhood. 
BARNHURST SEWAGE FARX. 
The  Barnhurst  Farm,  having an area of 330 acres, was purchased 
in  1870, and nearly  all  the sewage of the borough  can gravitate to 
it.  The Sewerage Committee attempted for many years to purify 
the sewage by means of broad irrigation over the farm, and also 
by  intermittent downward filtration ; but  they  ultimately found 
that for Wolverhampton sewage, precipitation of some kind was 
necessary. 
From the outset the town has had two great difficult.ies to 
contend with : 1. The peculiar nature of the sewage, due  to 
the presence of manufacturers’  waste-water,  which,  even after 
treatment by them, still contains a great deal of iron and other 
matter. 2. The smallness of the brook into which the effluent 
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has to  be discharged-the natural  dry-weather flow of this 
brook being considerably less than that of the sewage-effluent 
itself. 
Oxide of iron  in  small  quantities is said to  be beneficial to land, 
but  the  application of raw sewage, containing a varying  quantity 
of iron, soon gave evidence of being  destructive to all vegetable life. 
It was  found  that, even when  the sewage of fifty or sixty persons 
to  an acre only was applied  to  land  which  had  never been 
previously treated with sewage, the purification was most un- 
satisfactory, and  this  notwithstanding  that  the sewage percolated 
through between 4 feet G inches and G feet of soil. It is some- 
what remarkable that oxide of iron, which has caused so much 
trouble and expense at  Wolverhampton, is now being purchased 
and  sent  distances of over 100 miles for use as a sewage precipitant. 
But, while in the latter case it is under direct control,  to  be 
added to  the sewage in definite quantity;  at  the Wolverhampton 
outfall  it used to come down in  an  altogether uncontrollable 
manner. I n  fact,  no  precipitation-works could be made a t  a 
reasonable cost large enough  to precipitate  the whole of the  iron, 
unless the manufacturers treated their waste-water (technically 
termed  pickle) before allowing it to  enter  the sewers. This  fact is 
evident in  the ochreous  condition of t,he brooks into  which sewage 
has been run, where the pickle has not been previously treated 
by the manufacturers,; and, when allowed to enter the sewers 
i n  an untreated  state, i t  has baffled all efforts on the  part of the 
local authorities t o  effectually precipitate it. This would not be 
so were strict compliance with the law insisted upon. I n  conse- 
quence of the difficulties above indicated,  the  riparian owners 
instituted  legal proceedings against  the Corporation, who pleaded 
guilty  and  agreed  to  pay damages ; and,  after a prolonged inquiry, 
the sum awarded amounted to one-tenth of that claimed. The 
riparian  owners  still continued dissatisfied, and,  although  the 
Corporation had promised to do all  that science could suggest to 
remedy the  then  existing  state of things,  the  town  was neverthe- 
less subjected to an amount of litigation almost without parallel 
in  municipal  history.  There  was  first an injunction,  then a 
sequestration order, and for several  months  the Corporation were 
in daily expectation that its mace and other property would be 
seized. After  careful  inquiry,  the Sewerage Committee of the 
Corporation recommended, and  afterwards  the Town Council 
adopted, the following proposals : 
(1) To exclude as  far as possible all  storm-water from the 
sewers, and 
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( 2 )  To  treat  he sewage by  lime-precipitation  in  suitable 
subsiding-tanks, and by means of other works to be constructed 
for the purpose on the  Barnhurst  Farm;  and  they  instructed  the 
Author to prepare the requisite working drawings and specifica- 
tions for the same. 
This was done without delay, and during the past four years 
the several  works for that purpose have been successfully 
completed, and the town has been practically relieved from its 
sewage difficulties. The works recommended were :-l. A com- 
plete system of rain-water drains with outlets into the natural 
water-courses; 2. Precipitation works capable of being worked 
on the continuous or quiescent  system ; 3. Sludge-pressing plant ; 
4. Preparat,ion of land for final treatment of the effluent. 
OUTFALL WORKS. 
The dry-weather flow of the sewage is between 2,000,000 and 
2,500,000 gallons  per twenty-four hours, equal  to between 25 and 
30 gallons  per head of the population. The  water-supply for 
domestic purposes is 19$ gallons per head, and,  including meter- 
supplies, to  about 25 gallons per head. There is but  little subsoil 
water. 
The  outfall works  shown in Fig. 1 consist of :- 
1. Six precipitati.on tanks, each 150 feet by 50 feet, and between 
5 and 6 feet deep, the whole being surrounded by  an open carrier. 
The tanks, which are in two groups containing three each, are 
situated at  the  highest  point of the farm attainable  by  gravitation, 
and extend in a direction parallel to the existing carrier which 
contours the  farm ; they can  therefore be increased to any  extent, 
and  still command the  land for purification purposes. The 
tanks are built of selected Tipton or Staffordshire blue bricks 
in  cement, on a concrete foundation, and  the  walls  vary  in 
thickness from 2 to 2& feet. The  outer  walls  are coped with 
specially-made Staffordshire  blue bricks, the centre wall being 
coped with  Ferrumite flags, 3 feet wide. Both sides of the  tanks 
are railed in with continuous iron fencing. When the sewage is 
treated on the continuous system, it passes into  the first tank of 
one of the groups, and over each division wall, which  is lower than 
the preceding one, until it reaches the  carrier  which conveys i t  to 
the different parts of the farm. When  the quiescent system is in 
operation, the sewage passes along  the carriers, and, by means Gf 
sluices, is nlade to enter any one of the six tanks as desired. 
U 2  
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Each tank is provided with separate sludge- and effluent-pipes. 
Just before the sewage enters the tank it is thoroughly mixed 
with  the  proper  proportion of milk-of-lime by means of an 
agitator. 
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2. A mixing-house, 70 feet  long  by 30 feet wide. It is, perhaps, 
the  largest  in  England for the size of the  town;  but experience 
has shown it to be not too large. For  the present population one 
boat-load (about 25 tons) is used per week. In order to provide 
the men, who hare to work in  a place where quicklime dust is 
flying about, with  plenty of space, so as to secure them as much 
air as possible, the  building is 20 feet  high and well ventilated. 
In  this house there  are  three Bowes Scott and Read lime-mixing 
machines, with the necessary elevating-gear, and a horizontal 
steam-engine for working them. 
3. An engine- and boiler-house, with  smith-  and tool-shop. 
4. A Chemical Laboratory. 
5. A Sludge-pit, 63 feet by 29 feet. 
6. Ram-pits, 14 feet by 10 feet, and 9 feet by 9 feet, by 30 
feet deep. 
7. A Sludge-Pressing House, 78 feet by 30 feet;  the  machinery 
in  which consists of a steam-engine, air-compressor and receiver, 
which  are  to be duplicated  forthwith; two boilers; five Manlove 
sludge-presses (3-feet plates) ; and electric-lighting plant. Great 
difficulty was experienced in  sinking  the  ram-pits 30 feet deep, as, 
after  the first 12 feet, the remaining part of the excavation was 
principally in  running sand. 
The  sludge from the  precipitation-tanks  gravitates  to  the sludge- 
pit,  the  supernatant  water,  which soon accumulates on the  top of 
the sludge, being removed by a floating arm which is in com- 
munication with a small ram that elevates the water into a 
suitable outlet-pipe. The sludge gravitates thence into the rams, 
whence it is forced by compressed air, at a pressure of 100 lbs. 
to the square inch, into one or other of the presses. The floor of 
the press-house is laid with rock-asphalt. The platform is raised 
to a sufficient height to allow wagons to pass underneath the 
presses, and also to allow the expressed liquor to gravitate back 
to  the  main carrier, to  be treated  again, or, perhaps, to  contribute 
something itself to the process of precipitation. The platform 
covers about two-thirds of the, press-house, and consists of care- 
fully-made concrete laid on girders, and overlaid  with impervious 
asphalt. In sinking  the  ram-pits a considerable quantity of 
water was met with, and this is now pumped by the following 
somewhat unique method, which saves a large item yearly. The 
compressed air, after having been used as far as possible for 
pressing  the sludge, instead of being  then blown off, as  is  generally 
the case, passes into a large receiver; a d ,  although of course its 
pressure is considerably reduced, there  is still sufficient to work a, 
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s m d  pump which lifts enough water for the several require- 
ments of the works, The works are lighted by electricity; arc- 
lamps  being employed for the  tanks  and  other outside work, and 
glow-lamps  for all  inside  lighting. 
LIME. 
In consequence of the iron always present in  the sewage to a 
greater or less extent, the amount of lime used is very heavy, 
amounting on the average to 30 grains per gallon. It is hoped 
that when the true value of the waste pickle is realized, and 
some marketable commodity is produced from it, the  quantity of 
lime  required  will be reduced by one-half-a saving  which would 
have  an effect of reducing  the working-expenses by S1,OOO a year. 
It was  originally proposed to use lime and alumina, but the 
Borough Analyst considers alumina unnecessary on account of the 
presence of iron ; and,  generally  speaking, no better effluent can 
be reasonably desired. 
SLUDGE. 
The  wet  sludge  amounts  to betwean 300 and 400 tons in  
twenty-four hours. This fact suggests how impossible i t  is  to 
specify any treatment as universally applicable to the purifica- 
tion of town-sewage. 
Cost of pressing  wet  sludge  per ton . . . . . ?$d. 
Cost of pressing  cake  per ton . . . . . . . Is. 3d. 
Average  time of pressing . . . . . . . . 45 minutes. 
Average time of filling, pressing, and emptying . . 1 hour 
Average  make  per tmenty-four hours . . . . . 65 tons. 
Containing 50 per cent. of moisture. 
These figures are so remarkable as compared with  pressing  in 
other places that it was deemed desirable to further test their 
accuracy; but the additional experiments simply confirmed the 
previous trials. The cake is given to farmers m d  others free of 
charge,  and a t  present  there is a fair demand  for it on  those terms. 
The Borough Analyst has furnished the following analysis of 
the cake,  from 600 samples mixed. 
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Allowed to 
1Xy in  the Calculated 
. Air until it into state a8 
would / i t  comes frou 
Powder and the Presses. 
Mix. 
Moisture at 212’ Fahrenheit 
Organic matter, &c. . . .  
Phosphoric  acid . . . .  
,, 
Alumina 
Carbonic  acid . . . . .  
Xagnesia,  &c. . . . . .  
Silicious  matter . . . .  
,, (Fe&&) . . . . . . . .  
Lime . . . . .  
Oxide oiiron (FeO) . . . .  
Per cent. Per cent. 
2G-70 50.00 
20.70 14.12 
0.70 
16.30  11.12 
0.48 
1.67 
6.36 , 4.34 
1.14 
3 .19  
11.60 1 7.91 2 . 1 8  
1 .23  
11.55 1 7 ’88  0 . 8 3  
Approximate 
Constitution 
of Average 
Farm-yard 
Manure. 
Per cent. 
75.0 
17.0 
8.0 
1 
100.0 
QUALITY OF THE EFFLUENT. 
In  consequence of the extraordinarily high-class effluent de- 
manded under  the peculiar  conditions existing a t  Wolver- 
hampton, the Corporation have  retained  the services of a resident 
chemist, and the precipitation- and pressing-processes are con- 
tinued  night and day. I t  is not  represented that  the clear effluent 
from the precipitation-tanks is fit to enter a brook, although in  
many large towns such a treatment alone is deemed sufficient to 
qualify the effluent to be discharged into a running stream. So 
far from this being the case as regards Wolverhampton, i t  is 
intended  to acquire additional  land so as to bring  the  total area i n  
use up to about 400 acres, equal to 200 persons to an acre. This 
may be considered an unusual allowance in  connection with a 
precipitating-process; but the standard of purity to be attained 
in  the effluent is an unusually  high one. The present area of land 
gives 538 persons to  an acre ; and Dr. Frankland,  who  was 
appointed by the Court to visit the works and report thereon, 
showed that  the effluent was a very  fair one ; the  Author  there- 
fore anticipates that when the new land is brought into use an 
excellent effluent will be produced. 
Experiments have been made with U alumino-ferric,” ‘‘ ferrozone,” 
and with the electric current. The “Amiens ” process was also 
tried ; but  while  both  may be  serviceable in special cases, neither 
offered any  particular  advantage  when  tried on the Wolverhampton 
sewage, nor exercised any marked influence on the effluent. 
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COST OF WORKS. 
The cost of the works described in this Paper, including the 
sewers for the separate system, the precipitation-tanks, pressing 
plant, and underdraining of land, &C., has been about ~€30,000. 
This sum, of course, does not include  the cost of the  farm, nor of 
the main drainage works. 
HOUSE DRAINAGE. 
The Corporation, recognizing that no system of sewerage can 
work  satisfactorily  unless  the house-connections are  carefully 
made, now do all  this work  themselves a t  cost price, with  the  view 
of inducing  the  inhabitants  to employ Corporation workmen. 
They  have also established a depot where people can see modern 
sanitary  appliances  in  actual operation. 
THE PAN-STSTEX. 
No description of the  sewerage of Wolverhampton can  be com- 
plete  without reference to  the  interception- or pan-system. Tment,y 
years ago, the town was studded with cesspools. The pan was a 
cheap and ready means of enabling the town to get rid of the 
cesspools; and, considering that for the 17,300 houses in  the  town 
there are about 13,000 pans in  use, the extent to which that 
system  has been  adopted is evident. In the Author’s  opinion, 
however, the  pan-system is dirty and extravagant,  and  must 
ultimately  be superseded by the water-closet, or waste-water 
closet. Undoubtedly a water-closet proper would be the cleanest, 
and  will be adopted in  all  the  best  houses;  but for cottage 
property,  the  waste-water closet would appear  to  be  the cheapest, 
simplest, and least  liable to get  out of order. Several descriptions 
of these waste-water closets are now manufactured, and  they  are 
infinitely cleaner than the pan; t,hey require but little repair, 
and they are rarely affected by the frost, whilst everything is 
carried  away  by  the waste-water  from the  sinks. 
Every pan emptied costs a t  least 2d. The contents are mixed 
with ashes and sold; but  the sale is becoming difficult, and will 
soon be impossible. Moreover, the  number of pans in use is 
increasing  yearly ; and, as the  new houses are  being  buiit  further 
and further from the depot, the expense of this system ml7St be 
continually growing heavier. Ignoring the sales, therefore, and 
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taking  into account the  continually  increasing distance for haul- 
age, 2d. per pan may  be safely taken as the basis for the following 
calculations :- 
PRESENT AND PROSPECTIVE COSTOF PAN SYSTEJI. 
Supposing the pan-system were stopped now, and waste-water 
closets supplied to new cottages, the saving effected by simply 
stopping the sale of pans would, by the year 1911, amount to 
%29,400. These figures have dealt simply with the prospective 
increase ; but, supposing it were possible to abolish the pan- 
system in, say, one year, the financial result would work out as 
follows :- 
Saving by an immediate change of the pans in use to-day . 111,920 
Saving by the adoption of waste-water closets from 1891 to 
1911 for new houses . . . . . . . . . . . ) 29,400 
L. 
141,320 
Deduct cost of changing present pans . . . . . . . 26,000 
Net saving in twenty  ears . . . 115,320 
The  abolition of the pan-system, then, would save the  town, i n  
twenty  or twenty-five  years, upwards of 5100,000, and  at  the same 
time improve the  health  and well-being of the people. 
One would expect  to  find that,  in towns having  an  interception- 
or pan-system, the  water used per head would be  much lower than 
in water-closeted towns; but it is not so. In Wolverhampton, 
the estimated consumption per head for domestic purposes only 
is 19& gallons  per day. Actual measurements by  meter  in various 
houses made by the Author and others i n  different  provincial 
towns,  prove that, for  cottage  property, the  quantity of.water really 
used does not  amount  to more than 4 or 7 gallons per  head, and  in 
larger houses between 7 and 16 gallons. Where a daily  bath  was 
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taken, and with two water-closets, the consumption  often  fell 
below 20 gallons  per head. 
It is fair to assume, therefare, that a well-regulated  water- 
carriage system could be maintained with the present consump- 
tion of water, and reduced waste; which, notwithstanding the 
efforts of Mr. G. F. Deacon and other members of this  Institution, 
still  takes place to a large  xtent  throughout  the  country. 
Much of this waste is hidden, and is simply finding its way to 
the basements o f  houses-working injury to both property and 
health. 
I n  regard  to  the sewerage of the borough, the Corporation has, 
a t  different times, consulted the late Sir Joseph Bazalgette, Mr. 
Henry J. Marten, Mr. Edward Pritchard, MM. Inst. C.E., and 
Mr. Alsing, Assoc. M. Inst. C.E., and their assistance has been of 
the  greatest  value  in effecting a satisfactory  solution of the question. 
The communication is accompanied by a plan, from which  the 
Fig. in the  text  has been prepared. 
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